BACKGROUND: A high proportion of African-American smokers are light smokers, and they experience low smoking cessation rates and disproportionately high tobacco-related morbidity; yet no studies have examined tobacco treatment adherence in this group. OBJECTIVES: To determine the predictors of adherence to nicotine gum and counseling among African-American light smokers (defined as smoking ≤10 cigarettes/day), and the effects of adherence on smoking cessation. DESIGN: Data were from a 2×2 randomized, placebocontrolled smoking cessation trial of nicotine gum (2 mg versus placebo) and counseling (motivational interviewing versus health education). PARTICIPANTS: Seven hundred fifty-five AfricanAmerican light smokers at a community-based clinic. MEASUREMENTS: Demographic and health-related information, smoking behaviors, psychosocial variables, adherence to nicotine gum and counseling, and cotinine-verified 7-day abstinence from smoking at week-26 follow-up. RESULTS: A logistic regression model showed that having a higher body mass index (OR=1.03, 95% CI= 1.01 to 1.05), more quit attempts in the past year (OR= 1.04, 95% CI=1.01 to 1.07), higher baseline exhaled carbon monoxide (OR=1.22, 95% CI=1.01 to 1.48), and higher perceived stress (OR=1.12, 95% CI=1.03 to 1.22) increased the likelihood of adherence to nicotine gum. Being a high school graduate was a predictor of adherence to counseling (OR=1.58, 95% CI=1.02 to 2.44). Surprisingly, being adherent to nicotine gum significantly reduced the odds of smoking cessation (OR=0.50, CI=0.28 to 0.87). On the other hand, adherence to counseling dramatically increased the likelihood of smoking cessation (OR=3.32, CI=1.36 to 8.08). CONCLUSIONS: Individual risk factors may influence adherence to nicotine gum and counseling. Improving psychological interventions and promoting adherence to counseling may increase overall smoking cessation success among African-American light smokers.
INTRODUCTION
Cigarette smoking remains one of the leading causes of preventable mortality and morbidity in the United States 1 .
Although the overall prevalence of cigarette smoking has decreased over the past few decades, the proportions of light smokers (i.e., smoke ≤10 cigarettes per day) among female smokers, young smokers, ethnic minority smokers, and lower income individuals who smoke are growing [2] [3] [4] . Up to 50% of African-American smokers (AA) smoke ≤10 cigarettes per day compared with about 20% smoking at this level in the general population [3] [4] [5] . Studying light smoking especially among African
Americans is also important for other reasons. First, despite smoking fewer cigarettes per day than Whites, African Americans have higher cotinine levels for a similar level of tobacco use and experience disproportionately higher tobacco-related morbidity and mortality compared to Whites. Moreover, studies have shown that light smokers suffer from significant smokingrelated morbidity and mortality compared to never smokers [6] [7] [8] [9] .
As a result, improving smoking cessation interventions in African-American light smokers remains a public health priority. Effective pharmacologic interventions for moderate and heavy smokers include nicotine replacement therapy (NRT: gum, patch, nasal spray, inhaler, and lozenge) and non-NRT such as bupropion and varenicline. Behavioral counseling alone or in combination with pharmacotherapy is also effective for smoking cessation. While numerous studies have established the efficacy of various pharmacotherapy for smoking cessation 10, 11 , most studies have excluded light smokers. Results from our recent clinical trial of AA light smokers provided evidence contrary to the misperception that light smokers are less addicted and can quit more successfully than heavy smokers. In that study, at 6-month follow-up, quit rates among AA light smokers ranged from 6.8% to 18.0% depending on the treatment arm 12 . These quit rates were no higher than quit rates found among heavier smokers of the same ethnicity 10, 11 . Moreover, the observed quit rates for nicotine gum were no better than for placebo.
One important factor associated with poor cessation success is poor adherence to nicotine replacement therapy and counseling; [13] [14] [15] [16] [17] however, treatment adherence information is limited in smoking cessation studies. Despite the fact that NRT remains the main thrust of smoking cessation pharmacotherapy and observed low cessation rates among African Americans, no studies have examined treatment adherence in this underserved population. Also, earlier studies implying high adherence rates have failed to define, measure, or report treatment adherence. Some studies on nicotine gum showed a positive relationship between quantity of gum used and abstinence, while others did not 16, [18] [19] [20] [21] [22] [23] . One study found a negative association between the use of the 2-mg nicotine gum and tobacco abstinence 24 . The study evaluated the effect of a brief tailored smoking control intervention delivered during basic military training on tobacco use in a population of military personnel (N=33,215). Participants were randomized to either a tobacco use intervention (smoking cessation, smokeless tobacco use cessation, or prevention depending on tobacco use history) or a health education control condition. All participants were given the option of using 2 mg nicotine gum. Those reportedly using nicotine gum after BMT were significantly less likely to be continuously abstinent from cigarette smoking (OR=0.54, 95% CI=0.47, 0.63) or smokeless tobacco (OR=0.61, 95% CI=0.46, 0.79) at 1-year follow-up. More recent studies on NRT adherence have mainly focused on nicotine patch use 13, [25] [26] [27] [28] [29] . These studies suggest that NRT adherence rates are lower than once observed, and attention to treatment adherence is needed to increase quit rates. There are even fewer studies on adherence to counseling among smoking cessation trials. Only two studies 13, 30 have reported detailed analysis of adherence to counseling treatments and one of the studies demonstrated that adherence was a significant predictor to smoking cessation 30 . Adherence to treatment may be improved by identifying individual factors and tailoring treatment to the factors most likely to facilitate success among patient subgroups. Several characteristics have been observed to predict adherence to nicotine patch therapy; however, predictive characteristics differed among the studies. Higher income, lower nicotine dependence, more intensive adjunct treatment, greater motivation for abstinence, and smoking fewer cigarettes per day are among the predictors of nicotine patch adherence 13, 25 . One study identified older age, male gender, higher education, experience of NRT use, perceiving quitting as more difficult, and willingness to pay as factors associated with NRT adherence 31 . On the other hand, the only study that reported analysis on nicotine gum adherence did not find any predictors of adherence to nicotine gum 28 . Given the paucity of information about adherence to nicotine gum and counseling among smokers, especially African-American light smokers, the current study examined the predictors of treatment adherence and the relationship between treatment adherence and smoking cessation among AA light smokers enrolled in a 2×2 factorial, randomized, placebo-controlled trial of nicotine gum and counseling (health education vs. motivational interviewing). Investigation of factors affecting adherence to nicotine gum and counseling could lead to improved treatment effectiveness and increased likelihood of quitting among African-American smokers.
METHODS

Study Setting and Design
Study design details including a flowchart ( Fig. 1 ) have been previously described elsewhere 12, 32 . Briefly, KIS II was a doubleblind, placebo-controlled, randomized trial of African-American light smokers conducted at a community-based clinic serving a predominately low-income African-American population. The study used a 2×2 factorial design in which 755 participants were randomly assigned to one of four study arms: 8-week treatment with placebo gum plus six health education (HE) sessions; 8-week treatment with placebo gum plus six motivational interviewing (MI) counseling sessions; 8-week treatment with nicotine gum plus six HE sessions; 8-week treatment with nicotine gum plus six MI counseling sessions. All study procedures were approved and monitored by the human subjects committee of the institution where the study was conducted. 
Eligibility and Flow of Participants
Participant's eligibility for inclusion in the clinical trial was assessed via telephone or in-person screening conducted by trained project staff. To be eligible, participants self-identified to be African American by answering "yes" to the question, "Do you consider yourself African American or Black?" Other eligibility criteria included ≥18 years of age, smoke ≤10 cigarettes per day for ≥6 months, smoke cigarettes on ≥25 of the last 30 days, be interested in quitting within 14 days of screening, and have a home address and functioning telephone number. They were asked to choose a quit date within 14 days and schedule a randomization appointment for the day before their quit date. Participants were excluded if they had used pharmacotherapy for smoking cessation in the past 30 days; had used other forms of tobacco in the past 30 days; reported having a myocardial infarction, irregular heart beat, heart attack, or stroke in the past 4 weeks; had a jaw problem that precluded chewing of nicotine gum; were pregnant or breast feeding; or had another household member enrolled in the study. At the randomization visit, participants were randomly assigned to receive an 8-week supply of either active nicotine gum or placebo. They were also randomly assigned to receive either MI or HE counseling. Instructions given for gum usage depended on number of cigarettes smoked at baseline. Individuals who smoked 8-10 cigarettes per day (cpd) at baseline were told to use 10 pieces of gum per day for the first four weeks, 8 pieces per day for weeks 5 and 6, and 6 pieces per day during weeks 7 and 8. Those who smoked 5-7 cpd at baseline were instructed to use 8 pieces per day of gum initially, 6 pieces per day during weeks 5 and 6, and 4 pieces per day for the last 2 weeks of treatment. Those smoking fewer than 5 cpd at baseline were told to use 6 pieces of gum per day for the first 4 weeks, 4 pieces per day during weeks 5 and 6, and 2 pieces per day during weeks 7 and 8. Over the course of the study, four HE or MI sessions were delivered in person at randomization, weeks 1, 8, and 16, and two were delivered by telephone at weeks 3 and 6. Motivational interviewing, described in detail elsewhere 33 , is a counseling approach originally developed for addictive behaviors that has more recently been applied to other health behaviors, including smoking cessation. It is designed to enhance motivation for change and is based on the assumption that individuals with addictions are often not in an advanced stage of readiness to change their behavior. On the other hand, HE is a standard counseling technique that focuses on providing information and advice and encourages the development of strategies to improve health knowledge, attitudes, skills, and behavior. All of the MI and HE sessions were conducted by trained counselors following semi-structured counseling scripts. Participants in all four arms were followed for 6 months.
Measures
All questionnaire items were read to or along with the participants by trained research assistants. Baseline measures assessed demographic and health-related information, smoking behaviors, and psychosocial variables (Table 1) . Nicotine dependence was assessed with the 6-item Fagerström Test of Nicotine Dependence (FTND) 34 , the Nicotine Dependence Syndrome Scale (NDSS) 35, 36 , and the Cigarette Dependence Scale (CDS-5) 37 . The NDSS is a 19-item multi-factorial instrument to measure nicotine dependence. The CDS-5 is a 5-item instrument that includes questions on self-rated level of addiction, number of cigarettes smoked, time to first cigarette of the day, difficulty with quitting, and urge to smoke. Psychosocial measures included the 10-item Center of Epidemiologic Studies-Depression (CES-D) scores (range 0-10), with scores of 4 or higher indicating the likelihood of clinical depression 38 .
Adherence to gum was defined as using greater than or equal 75% of the total prescribed gum usage during the 8 weeks of treatment with gum. In smoking cessation studies, there is no consensual standard for what constitutes adequate adherence. The current study therefore adopted the 75% threshold level being used in an ongoing NIH-funded smoking cessation study. Research has shown that adherence is inversely proportional to frequency of dosing 39 . Investigators therefore considered the 75% threshold to be adequate for the gum given the requirement for multiple dosing. At every followup contact during gum treatment, i.e., weeks 1, 3, 6, and 8, the number of pieces of gum used was assessed by participants' response to the question: "In the last week, on average, how many pieces of gum have you been using per day?" The gum usage for weeks 2 and weeks 4 was extrapolated forward from that of week 1 and week 3, respectively. The gum usage for weeks 5 and weeks 7 was extrapolated backward from that of week 6 and week 8, respectively. We excluded the gum usage adherence data if a subject reported adherence data for fewer than two contact points, resulting in the exclusion of 93 out of 755 total participants from the gum adherence analysis. Adherence to counseling was defined as attending at least five out of the expected six counseling sessions. The threshold of five out of six (83%) counseling sessions for counseling is consistent with the threshold of 80% to 95% used for treatment that require less frequent doing or attendance 40 . All 755 subjects were used for counseling adherence analysis since there were no missing data for any of the participants.
Serum cotinine and expired carbon monoxide (CO) were assessed at randomization, and salivary cotinine was assessed at week 26. The primary outcome variable for the study was 7-day point prevalence smoking cessation at week-26 followup verified by salivary cotinine; this was defined as having smoked no cigarettes-not even a puff-for the previous 7 days and salivary cotinine level of ≤20 ng/ml.
Data Analysis and Statistical Consideration
Descriptive statistics were used to summarize the demographic variables, smoking characteristics, and health information. Chi-square tests and t-tests were conducted to compare the demographic, smoking, and other health-related characteristics between those adherent to the gum or to the counseling sessions and those non-adherent. Multiple logistic regression (MLR) was used to examine the association of adherence with baseline demographic and smoking-related variables. The MLR models included variables that were found to be associated with adherence in univariate analysis with a significance level of p-value <0.1. Separate models were completed for gum adherence and counseling adherence. The model for gum adherence included the counseling adherence group variable and vice versa for the counseling model. To examine the effect of adherence on cotinine-verified smoking cessation at week 26, a separate MLR analysis was conducted with a model that included treatment group assignment, adherence to gum and counseling and clinically relevant variables from the univariate analysis. A supplemental analysis was conducted in which adherence to gum and counseling were treated as continuous variables in the MLR.
RESULTS
There were 662 participants eligible for the gum adherence analysis, 242 (36.6%) of whom were categorized as adherent to recommended pieces of nicotine (or placebo) gum. The baseline characteristics by gum adherence group are presented in Table 1 . Univariate predictors of adherence to gum use included being unemployed, higher income, higher BMI, more quit attempts in the past year, higher baseline exhaled CO level, higher nicotine dependence, and higher perceived stress.
Of the 755 participants included in the counseling adherence analysis, 542 (71.8%) were categorized as adherent to counseling. The baseline characteristics of participants by counseling adherence status are presented in Table 2 . Univariate predictors of adherence to counseling were older age, being a high school graduate, and longer smoking history.
Results of the multiple logistic regression analysis of predictors of adherence to gum use are shown in Table 3 . This model included variables from independent predictors of gum adherence, including having a higher body mass index, making more quit attempts in the past year, having a higher baseline exhaled CO, and higher perceived stress score.
Results of a multiple logistic regression to predict adherence to counseling are shown in Table 4 . This model included variables from Table 3 that had p-values <0.1 plus gum adherence status. Only one variable, being a high school graduate, significantly increased the odds of adherence to counseling. Figure 2 shows the cotinine-verified abstinence rates for the four study groups. As previously reported 12 , the primary outcome of the parent study was that the verified abstinent rate at week 26 for 2 mg nicotine gum was no better than for placebo (14.2% versus 11.1%, P=0.232). However, a counseling effect was observed, with health education (HE) performing significantly better than motivation interviewing (MI) (16.7% versus 8.5%, P<0.001). In the current study, adherence rates to nicotine gum (Fig. 3) were not significantly different among the four study groups (global p=0.53). However, as shown in Figure 4 , there were significant differences in counseling adherence rates among the four study groups, with the placebo + MI group (62.4%) having the lowest rate, while the NRT + HE group (78.8%) had the highest adherence rate (global p<0.01). The verified quit rates at week 26 for the counseling adherent and non-adherent groups were 16.1% and 3.76%, respectively (P<0.0001). Unexpectedly, the verified quit rates at week 26 for the gum adherent and non-adherent groups were 9.5% and 16.7%, respectively. We also performed a multiple logistic regression model to determine predictors of cotinine-verified week 26 abstinence rates (Table 5) . Consistent with the univariate analysis above, being adherent to nicotine gum significantly reduced the odds of smoking cessation (OR=0.50, CI=0.28 to 0.87). On the other hand, adherence to counseling dramatically increased the likelihood of smoking cessation (OR=3.32, CI=1.36 to 8.08). When supplemental analyses were performed that treated gum adherence (parameter estimate = -0.1689; p = 0.001) and counseling adherence (parameter estimate=0.6769; p<0.001) as continuous variables, the relationship between gum adherence and cessation as well as between counseling adherence and cessation were essentially unchanged. Other baseline predictors of smoking cessation were consistent with those previously reported 41 , including higher body mass index and older age, female gender, and higher baseline exhaled carbon monoxide reduced the odds of quitting.
DISCUSSION
The purpose of this study was to determine the rates of adherence to nicotine gum and counseling and identify factors associated with adherence to nicotine gum and counseling. We also sought to determine the effects of adherence on smoking cessation rates among AA light smokers. In this study, only 36.6% of participants were adherent to recommended doses of nicotine gum, while 71.8% were adherent to attending required counseling sessions. Although there are no data regarding adherence to nicotine replacement or counseling among African Americans or light smokers, these results showing low adherence to nicotine gum are consistent with reports from the general populations 16, 42 . In the current study, four predictors of adherence to gum therapy and one predictor of adherence to counseling were identified. Having more quit attempts in the past year, higher body mass index, a higher baseline exhaled CO, and higher perceived stress increased the likelihood of adherence to gum usage. Some of these baseline predictors of adherence to gum use in the current study are consistent with factors identified in previous studies that used nicotine patches exclusively or as the predominant method of NRT. A study among Chinese smokers identified older age, male gender, higher education, experience of NRT use, perceiving quitting as more difficult, and willingness to pay as significant predictors of adherence 27 . Two studies 13, 25 that used the nicotine patch conducted among a predominantly White sample identified several different predictors. One of the studies reported higher nicotine dependence scores, higher number of cigarettes smoked per day (CPD), higher motivation to quit, and concurrent use of psychosocial co-therapy as predictors of adherence 13 . The other study indicated that male gender, not dropping out of the study, and intensive psychosocial treatment were associated with greater adherence to nicotine patch therapy 25 .
One baseline predictor of adherence to counseling was identified in the current study, being a high school graduate. This finding is consistent with other studies that have reported positive associations between education and adherence to non-smoking and other healthy lifestyle behaviors [43] [44] [45] .
The overall adherence rate to nicotine gum was 36.6%, while the adherence rate to counseling was 71.8% in the current study. A wide variation (5% to 96%) in the prevalence of adherence to smoking cessation therapy among studies has been reported in a recent WHO publication 46 . The variation is likely due to the differences in the definition of adherence, the nature of the interventions, adjunctive supports, and the population studied. The relatively low rate of adherence to nicotine gum among light smokers in the current study is consistent with findings among heavier smokers. Although we did not specifically assess reasons for adherence in current study, it is possible that providing participants with a monetary incentive for attending counseling sessions might have contributed to the relatively high adherence rate for counseling in the current study. Surprisingly, adherence to nicotine gum use decreased the smoking cessation rate in our study. Although the reason for this finding is not clear, we suggest a few possibilities. It is possible that adherence to nicotine gum is a marker for greater nicotine dependence that is related to negative cessation outcome. In univariate analyses in the current study, those classified as adherent had higher nicotine-dependent scores, higher expired CO, and a greater number of quit attempts in the previous year compared to the non-adherent group. Therefore, participants may have used more nicotine gum because they had greater difficulty quitting, and their lower cessation outcome was due to their higher nicotine dependence rather than their use of the gum. This explanation is supported by a study 24 that found that individuals who chose to take the 2 mg nicotine gum were significantly less likely to be abstinent at follow-up (OR=0.54, 95% CI=0.47, 0.63).
Another possibility is that smokers who quit smoking may have thought they no longer needed the gum because they had quit smoking and therefore quit using the gum. Because adherence to NRT in general or 2 mg nicotine gum in particular has not been studied in light smokers, studies are needed to determine what cessation therapies are effective for light smokers so that adherence to such effective treatments can be promoted by healthcare providers. We observed a significant impact of adherence to counseling on smoking cessation rate from this study. In fact, adherence to counseling is the most significant predictor of quitting according to our study. The finding that adherence to HE/MI counseling significantly increased the smoking cessation rate was expected. Numerous clinical trials have confirmed the efficacy of counseling in smoking cessation, either alone or in combination with NRT. Available evidence suggests that increasing the intensity of counseling interventions improves treatment outcomes 47, 48 . However, only one other study has reported an association between adherence to counseling and smoking cessation outcome. Thyrian et al. reported a statistically significant correlation between adherence to MI and smoking cessation among postpartum women 30 . The finding that adherence to cessation counseling improves likelihood of cessation has clinical significance for the treatment of light smokers. While there is limited evidence for using NRT or other medication for smoking cessation for light smokers, the current study suggests that counseling is effective for cessation among light smokers and that increasing adherence to counseling is beneficial. This therefore provides health care providers with an evidence-based tool to promote smoking cessation among light smokers. The counseling in the current study was also provided by trained non-clinicians. Therefore, when necessary and with adequate training, physicians could delegate cessation counseling for light smokers to non-clinician office staff. Strengths of the current study included being the first study to assess adherence to NRT and counseling among African Americans or light smokers, assessment of gum use at multiple time points, large sample size, as well as assessments of multiple variables that could affect adherence. There are also some limitations in this study. First, this study was conducted at a single health care facility, although a wide variety of community-based recruitment strategies was used to reach potential participants from a large metropolitan area. Second, the study was conducted in a Midwestern city in the US, and findings may therefore not be generalized to all African-American light smokers. Third, nicotine gum was provided free to participants during the study period, and the results could have been different if participants were required to pay for the gum. However, the availability of medication at no cost to participants removes one barrier to medication adherence in real life, especially in underserved populations 40 .
Also, the pharmacotherapy used in this study was 2 mg nicotine gum; therefore, the findings may not generalize to a higher dosage of the gum or other smoking cessation pharmacotherapy such as other forms of NRT (patch, lozenge, inhaler, and spray) or non-NRT (bupropion or varenicline). Finally, since adherence to gum was assessed by self-report, it is possible that the actual adherence rates were lower than what participants reported. Future studies of adherence with the gum may consider including the use of daily adherence logs or a gum count devised for more detailed monitoring.
CONCLUSION
In summary, the current study found that a number of individual factors including, education, past quit attempts, BMI, and perceived stress may influence adherence to nicotine gum and counseling among African-American light smokers. In order to reduce or eliminate smoking-related health disparities experienced by underserved populations, it is critical that researchers and health care providers continue efforts to better understand factors associated with adherence to effective treatments in these populations. More research is warranted to further determine the relationship between adherence to nicotine gum and smoking cessation, especially among African Americans and light smokers.
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